Genic allozyme polymorphism and hetero- 
19 loci. Polymorphism occurs at 26% of the loci, with only two alleles being present at each locus. The proportion of polymorphic loci per population in organisms with normal meiotic systems is no less than in Oe. biennis, indicating that structural heterozygosity is not necessarily accompanied by a greater proportion of polymorphic loci. On the other hand, the average Oe. biennis was heterozygous at 26% of its loci, an amount considerably greater than in most other organisms. With few exceptions, all plants in the North Haven population had the same genotype. Since the species is a colonizer, it is likely that the population was founded by a single individual and retained this genotype by virtue of the genetic system. An abundance of allelic variation at structural loci that encode for polypeptides has been disclosed in a wide range of invertebrates, vertebrates, and plants by the technique of gel electrophoresis. In animals, the proportion of electrophoretically polymorphic loci per population averages about 30%/, and the proportion of heterozygous loci per individual averages about 10% (1) (2) (3) (4) (5) (6) (7) (8) (9) . These parameters have been considered in too few natural populations of plants for the averages to be representative; however, considerable allelic variability has been documented within both outbreeding and predominantly self-fertilizing species (10, 11) . In the organisms studied to date, heterozygosity is destroyed and reassembled each generation as a result of the normal meiotic process. These organisms have no mechanism for passing on specific heterozygous associations from one generation to another. There are, however, numerous species that do have special mechanisms that can preserve heterozygosity. In some species, apomictic or parthenogenic reproduction bypasses the sexual process, assuring transmission of the maternal genotype and the continuity of the genotype. In other species, the genome has survived a history of chromosomal translocations and/or inversions, that have led to a permanent state of partial or complete structural heterozygosity. Such chromosomal differentiation, accompanied by a balanced lethal system, would preclude the formation of structural homozygotes. If the species were predominantly self-fertilizing, a large fraction of the progeny would be identical to their parents, barring mutation. Both apomictic and structurally heterozygous species are especially interesting subjects for genetic analyses, since they are uniquely equipped to accumulate and retain allelic heterozygosity. The structurally heterozygous species also may be expected to accumulate recessive deleterious or nonfunctional genes since both chromosomes, or fractions thereof, are sheltered from recombination.
The species best known for permanent structural heterozygosity is the evening primrose Oenothera biennis (12) . This species carries two genomes (Renner complexes), which involve seven chromosomes each. The genomes differ totally in the arrangement of their chromosome segments, so that a ring of 14 chromosomes is formed at diakinesis. Alternate disjunction occurs at anaphase I, assuring the migration of an entire chromosome complex to the same pole. Even though Oe. biennis is normally self-pollinated, the complexes fail to appear in a homozygous state because of a system of sporophytic and gametophytic lethals. Thus, linkage relationships and epistatic interactions are maintained over a large portion of the genome. We describe here the pattern of polymorphism and level of heterozygosity within a large population of Oe. biennis that occupies an ecologically heterogeneous locality isolated from conspecific populations, and compare these data with those obtained from organisms with normal meiotic systems.
MATERUILS AND METHODS
The study population was located in a 5-acre (2.0 hectare) empty lot in North Haven (New Haven County), Conn. The population contained several hundred large, vigorous plants, at a density averaging five plants per square meter. The site was bulldozed and scraped clean of most perennial plants several years ago, and has since undergone continued disturbance. The terrain is heterogeneous, containing one large hill of subsoil from an excavation nearby, depressions, ridges, and gentle slopes. Oenothera biennis was located throughout the site, whereas other weeds were distributed in accordance with some specific habitat features. Seeds from this population were obtained in April, 1971, having overwintered in the fruit. Tens of seed were collected from each of 200 plants sampled throughout the site, and were com-1475 Ruddle (15) ; and for valylleucine peptidase (VLP), leucyl-tyrosine peptidase (LTP), leucyl-glycyl-glycine pepidase (LGGP), and leucyl-proline peptidase (LPP) from Ruddle and Nichols (13) . Several hundred seedlings were analyzed. The number indicated in Table 1 for the various loci represent readily scorable assays.
In the section that follows, the abbreviations used to designate each enzyme are written in italics to represent the genes coding for the enzymes. When more than one form of the enzyme exists, each controlled by a separate locus, a hyphenated numeral is added to the symbol of the enzyme. The isozyme with the least anodal migration is called one, the next two, etc. When a locus is monomorphic, the allele is referred to as fast. When two alleles are present, the one with the greatest migration velocity is referred to as fast and the other one as slow.
Multiple bands appeared upon staining of several of the enzymes. This pattern may represent homozygosity or heterozygosity at one or more loci, or some combination thereof. The distinction between these alternatives was not possible from the Oe. biennis gels, because the variation pattern afforded little of the necessary information. As a recourse, we analyzed protein profiles in several bivalent-forming taxa that are close relatives of Oe. biennis. The National Seed Storage Laboratory (U.S.D.A. Crops Research Division, Ft. Collins, Colo.) provided the following taxa: Oenothera argillicola race argillicola Bonn (OeA-1), Oe. hookeri ssp.
hewettii race Albuquerque A (OeH-1), Oe. hookeri ssp. hertissima race San Pedro (OeH-7), Oe. hookeri ssp. montereyensis race Mateo (OeH-8), Oe. hookeri ssp. venusta race Dalton (OeH-9). E.S. provided seed stocks of Oenothera hookeri ssp. venusta race Dalton (OeH-S1), Oe. hookeri ssp. franciscana (OeH-S2), and Oe. grandiflora (OeG-S3). From the protein segregation pattern observed in these materials, the following judgments were made: (a) single bands for G-6-PD-2, PGI-1 and 2, PGM, LAP-2, LGGP-1 and 2, LTP-, and LPP were controlled by single homozygous genes; (b) double or triple bands for GOT, LTP-1 and 2, VLP, and AcP-1 were controlled by single heterozygous genes; (c) multiple bands for G-6-PD-1, 6-PGD, LAP-1, and AcP-2 and 3 were controlled by single homozygous genes.
RESULTS AND DISCUSSION
The results of our survey of enzyme variation in the Oe. biennis North Haven population are summarized in Table 1 . A total of 11 protein species was examined, and these were judged to be controlled by 19 loci. Polymorphism is detected at five (26%) of the loci; an additional two loci (PGI-1 and PGI-2) displayed a variant in less than 0.5% of the plants sampled. The mean number of alleles per locus is 1.37; no more than two alleles are detected at a single locus. The proportion of polymorphic loci in the Oe. biennis population does not differ conspicuously from that described in other organisms, despite its permanent structural heterozygosity. The proportions of polymorphic loci per populations in several organisms with a normal genetic system are as follows: Limulus polyphemus, 0.25 (1), Mus musculus, 0.22-0.30 (3-4), Peromyscus polionotus, 0.23 (5), Acris crepitans, 0.14-0.23 (6), Homo sapiens, 0.30 (7), Avena barbata, 0.31 (10), Avena fatua, 0.54 (10), Drosophila persimilis, 0.25 (2), Drosophila pseudoobscura 0.42 (8), Drosophila willistoni 0.54 (9) , and Drosophila paulistorum 0.55-0.67 (17) . Thus, the presence of permanent structural heterozygosity does not of necessity mean that a species will have a greater proportion of polymorphic loci per population than one whose karyotype is completely or primarily homozygous. We may surmise that either the proportion of polymorphic loci, or the specific loci that are polymorphic, is controlled by selection. If selection were not involved, how can we explain a "normal" level of polymorphic loci associated with a genetic system that per-mits the accumulation of these loci? Recall that the level of heterozygosity in Oe. biennis is not subject to stochastic processes and is not a function of population size. The genetically effective size (Ne) of a population approaches infinity, since the opportunity for the decay of variability is vanishingly small.
Although Oe. biennis is not set apart from other species by the proportion of polymorphic loci per population, the proportion of heterozygous loci per individual is unusually high.
26% of the loci are heterozygous in Oe. biennis, as compared to 2-4% in Avena barbata (11) , 6% in Peromyscus polionotus (5) and Limulus polyphemus (1), 7% in Homo sapiens (7), 8-11% in Mus musculus, and 10-21% in various species of Drosophila (2, 8, 9, 17) . At the five polymorphic loci, the proportion of heterozygotes is 1.0, i.e., there is permanent genic heterozygosity (Table 1 ). We may infer that these loci reside in the interstitial chromosome segments, i.e., between the centromere and translocation break points, and are sheltered from recombination. The monomorphic loci also may reside in these segments, or on the distal regions of the chromosome arms where recombination is possible. Although the proportion of heterozygous loci per individual is high in Oe. biennis, the allelic array is meager. All heterozygotes have the same two alleles (Table 1) .
With a few exceptions at the PGI loci, all plants at the North Haven site have the same genotype (for 19 loci), in spite of the fact that they occupy conspicuously different microhabitats. The absence of genotypic variability is in marked contrast to the considerable store of variability in ecologically heterogenous populations of the predominantly self-fertilizing Avena barbata and A. fatua (10) , and populations of the apomictic Taraxacum officinale (16) . The ability of Oe. biennis to cope with the environmental heterogeneity at North Haven suggests that it has considerable developmental flexibility or a broad ecological amplitude. Perhaps this is related to the relatively high level of heterozygosity. A high level of flexibility would permit a population to exploit a range of environments with a minimum of genetic heterogeneity, and would indeed be an asset to a colonizing species such as Oe. biennis. Relevant to this argument is the inverse relationship between genetic variability and developmental flexibility that has been demonstrated in Avena (10, (18) (19) (20) .
Finally, we may consider why there is so little intergenotypic variation, and a maximum of two alleles per locus in the North Haven population. The most plausible explanation is that this population was founded by a single colonizer, and by virtue of the genetic system developed into a clone. Oenothera biennis is winter annual or biennial, is primarily self-pollinating and self-fertilizing, and produces thousands of small seeds, which are readily dispersed. Rapid population growth is facilitated by these features, as well as by the retention of the genotype of a successful invader. Moreover, the invasion of a site by Oe. biennis is contested by few other species. If more than one colonizer were involved, either they were all of the same type or all but one genotype was eliminated by selection.
